* - { e N
i)

Sanitized opy Approed for Release 2011/10/19 : CIA-DP80-08090006030527-4
r ‘ I

CLASSIFICATION  CONFIDENTIAL cw"u.ﬁmm ;,i S

< - - - )

) CENTRAL INTELLIGENCE-RGENCY REPOR 50X1-HUM {
INFORMATION? FROM . ‘

FOREIGN DOCUMENTS OR RADIG'SROADCASTS 0D KO.

COUNTRY USSR ' DATE OF
: INFORMATION 1950

SUBJECT Scientific - Nuclear physics, unified-field

theory W
How DATE DIST. -5 Jun 1951

PUBLISHED Monthly periodicel

WHERE

FUBLISHED Moscow/Leningrad NO. OF PAGES 6
DATE '
PUBLISHED Sep 1950

SUPPLEMENT TG
* LANGUAGE Russian REPORT NO.

?'“ﬂl 'lm.eol.Y:“ wITGN THE NEANINS :'.lllmlul ACT 50
L O T L A Nt o g THIS IS UNEVALUATED INFORMATION

B EINTES 3Y LAW. REPROPVCTION OF THIS PORM IS PROMISITED.

SOURCE Uspekhi Fizicheskikh Nauk, Vol XLII, No 1, 1950, pp €9-75.

REMARKS ON THE QUANTUM-FIELD THEORY OF MATTER

THE PROBLEM OF THE UNIFIED-FIELD THEORY

Ya. 1. Frenkel'

Quantum Mechanics and the Corpuscular Nature of Matter

In present-dsy quentum mechanics the various particles, just as the system
of interacting particles, are described statistically in & completely identical
manner, by the wave functiom in the configurational space of the system.

Therefore, because all particles, which 1r:x principle are localized in space
and time, are considered invariable, such a statistical description actually
means a rejection of physical determinism in any determination of the particles’

motion.

Foreign physics, in evolving idealistic views and basing itself on the anal-
ysis of the observer's role in his action on the system under investigation, con-
structed this indeterminism into the theoretical basis of quantum mechenics. In
the past years Soviet physicists and theoreticilans have attempted in their work,
proceeding from materialistic positions, to overcome indeterminism in the course
of events, and to reduce indeterminism to indefiniteness, which is inherent in
the quantum-wmechenical determination of the initial states.

I propose that the essence of the problem is not in this but in the fact
that the purely corpuscular-model construction of matter, which has been used
up to the present, is 1r reality inadequate when one talks about.the so-called
microcosm (this viewpoint was expreséed for the first time by the author in a
public lecture at the Academy of Sclences USSR In 1947), since the microcosm - .
wmirrors only the corpuscular’ aspect of matter without teking into consideration
the microcosm's wave nature. .
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Limited Divisinility of Matter
Tp an apiivs:s of the pature of matter, the philosopner-materialist of old

copsiderad that macroscopic solids consisted, as with gases, of discrete par-
ricles, nam? atoms, which can be considered as small, hard bodics differing
f=cm ordirary s0lids only by uniformity and compactness. Thls latter assump-
tiom 4id nob in any w2y prevent ene, however, from treating these small sollds
as being composed of snill smaller particles strongly cemented rogether; that
in, from subdividing these atoms g4ill further into s%ill smeller elements,
although imaginary, procesding in this direction imderinitely.

| sts oant the beginning of this century did ro* diverge far from the
encient T ophuer in “uis provlem, only shorpening +h:ir representations con-
cerning ‘ha ra-called atoms. Anong these ware included electroms and nucleons,
which were ~soribed with definire size and even form; tha% i3, these particles,
Just as by the anclent Gresk pnilosophers, ave consilered as miniature soiids
capable of further subdivision but theoretically able
itsiy into still smaller elements. During nonuniform

0%

in

to be subdivided indeaf
motion of the electron aund its variable relative disposition of its elements,

the ipteracticn of these ~lements of the electron with each ofher causes a re-
sulting force of self-sotion in the electron: that is, action upen itself which
results in the main in an inertial force. fiow seriously physicisks concerned
themselves with tho thenretical divisibility of the electron is clest from the
numerous sttempis to ensure the stability of the electron reiative tc disinte-
gration under the acticn of electrical forces of mutual collision between the
electror’s elemenis, by e@ploying Torces of +this or that type of 3 nonelectrical '
pature able +o balance them {as done by Poincare, Mie, and others!).

All these attempts procesd from naive mechanical concepts coucerning the
pature of these basic elements of matter and the character of their motion,
namely, representations copied from wacroscopic objects. jea

- Limitation of the Purely Corpuscular Representations; Field Theory of Matter

The deve’opment of the theory of guenta posed next the provlem concerning .
the decisive rejection of these mecbanistic views. -é?%

First of all, experience showed that the basic, in essence metaphysical,
representation of vhe theory of matter in classical physics -- namely, the rep-
resentation concerning the "solidity", or, more accurately, the invariance of
its fundamertal elements (electrons and nucieons) -- does not correspond with

actuality.

We pow know that electrons are not eternal, but can, with the conservation
of total energy, appear and disappear together with their ovposites, the posi-
trons, in the same manner &3 light disappesrs during absorption and appears &s
light quenta during emission of photons.

We possess very convincing reasons for thinking that heavier particles,
pamely nucleons, likewise turn out to be variable when subjected to energiles
higher than one million volts, vhich are necessary for the creation of nucleon-
antinucleon pairs. (Note: At present, we are familisr only with the fact of

. the mutual interchangeability of protons and neutrons within the nucleus with
the simultaneous emission or absorption of an electron or positron and neutrino. )

In each case, the law of the conservation of matter in its criginal clas- ‘g
sical sense, that is, the law of the preservation of elementary particles of
vhich matter is composed, can be considered as experimentally refuted.
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This Fect cannot be censidered as a threat o the law of conservatica of
matter. Obviously matter is conserved together with its existing properties,
namely, epergy, mass, mowentum, angular momentum, etc. What is nol true is
that matter consists of immutable elementary perticles. This old, purely cor-
puscular metavhysical model of matiter must be abandoned and be replaced by new
representations based on the capacity of matter to exist not only in the corpus-
cular form but also in another noncorpuscular form.

This proposition is not new. 1In theoretical physics it appeared more than
20 years ago. Here we call this second phenomenon of the nature of matter wave,
or, more geverally, field. Waves or fields with which we sre conceraed are
1like *the ordinary classical ones, for example, electrodynamic omes, only in the
following sense: they are propagated in space continuously. Heowever, the actions
of their wave fields appear in the forw of discrete guantum effects which we rep-
resent, in the simplest case in the form of individual particles. Thus the new
guantua fields represent an unusual dialectic entity of space-time continuity .
with the discreteness or quantum nature of action, namely, sun entity fcr which
physicists wers nable wntil not to devise any other model than the model of
classical waves on the one hand, and classical particles on tne other

This coocept 1s inadequate in the following respects the corpuscular and
wave aspects of mstter act as if equivalent. Actually, as we know, particleé’
or guanta, which are connected by the particles with the field representation,
can sppear and disappear for suitable energy conditions, individuslly or in
pairs. wbile the field basis of matter, 1f it does vary, in apy case cannot
completely disappear: actually the field is merely the fundsmental concentrated
dynamic properties of matter, that is, its energy, momentun, etc.

Elementary Particles as Field Quanta

The nature of the discussed relations is, in & certain measure, <overed
by the classical theory of the electromagnetic field. In this theory, according
to Lorentz, the fileld itself is the bearer of the dynamic properties of electri-
fied matter, that is, the field snd not the charges particles, which ordinarily
are treated as the source of the field. If the sum of the self-interaction, that
is, the force which the electron exerts on itself, and the external force which
1t sustains from the other particles is set equsl to zero, then the electron’s
motion will proceed in accordance with the Newtonisn laws, or, more accurately,
with Einstein's relativistic mechsnics.

In this case, the energy, momentum, and angular momentum which were earlier
affixed to the electron turn out to be properties of the electromagnetic fleld ahll: .
satisfy the conservation laws. Under-these conditions, it is essential to con-
-gider the electrons and positrons not as sources of the electromagnetic field

‘ but as its products, thus absndoning, on the ore hand, the forces of jnteraction
or the so-called self-action and considering, on the other, their displacements
‘and shifts in space and time as the result of variations in the field, in accord-
ance with the law of conservation of energy, etc.

This program, plenned by Lorentz about 50 years ago, has still remained in- ;
complete up to now because of the so-called problem of the internal structure :
of the electron, with the electron considered as 4 small hard solid.

At present, after a half century of development of the quantum theory, we

must establish a new basis for this fundamental problem and re-examine it all )
over again,

\
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Witk this new point of view, electrons and positrons cannot be considered

in the sense 8§ small hard spheres but as special kinds of quantum of an electro-
magnetic field. These quanta cannot, of course, be confused with photons, which

correspond to the energy of the field, and then ouly in the wave z0mne.

dentical, relative to their charge and rest
w, because they all correspond

ing the divisibility of each elec-
f these =lements with
with mass at rest dif-
, Just as quanta of

The fact that all electrons are b
mass, becomes obvious from the new point of vie
to one and the same fielda. The problem concern
tron into infinitely spall elements and the interaction o
each other loses any S€Nse. Quanta of electrified matter,
ferent from zero, aiso are deprived of sny internal struchure
light have ncne;j the rest mass of light quanta equals zero.

As is well known, nucleons that form complex nuclai ars also conuected with
e certain pucleonic field, being the field's quanta; in %his case what corresponds
+o the energy and the momentum af this Tleld ave obviously +he mesons, uawely,
charged particles playing the same role relative to enerdy and momentua 85 the
photons play relative to the electromagnetic field

This problem requires further development in cumasction with the existence
of mesons with various masses to which ubvionsly correspond various states of

one and the same field system.

unsolved prublems, we can, Duwaver,

Without going deeply into these still
therefore, differ

assert with complete assurance that the laws of macrophysics,
from the laws of @microphysics and that the objects of microphysice are not the
ordinary particles for which the clasaical laws were formulated but are forms
of matter that d.ffer gqualttatively from them; they are quantum f£ields. that
is, fields that are continuous in space and time and +that sppear in the {orm
of discrete effects, which are connected with model representations concerning

particles, although these model perticles are invariable.

ism in contrast to dialectical materialism considers
from all forms of motion, in the videst sense of the word, only one simplest
form, wmechanical motion. Until recently it appeared +o many physicists that
in the field of mechanics, and particularly in quantum umechanics, this simplest
form of mechanical motion and the determinism coanected with it are the only
possible ones. But now the mechanistic picture of the world suffered a fiasco;
the wicrophysical processes jost their mechanistic character and acquired a
character more general and complex, which we could call quantum field, or cor-

puscular field.

Mechanical material

Foreign physicists gee & way out from tbe aifficulties connected with the
old, purely mechanistic concept of matter only in the denial of determinism and
cause; that is, they finally denied materialism. In contrast %o them, Soviet
physicists must seek the solution of the problem in the continued development
of theoretical physics on the basis of the philosophy of dielectical material-
jsm. The main direction of future work, in the opinion of the aubher, is the
construction of a unified field theory of wmatter, or ‘monistic field theory of

! matter.

Fundamentals of the Unified-Field Theory of Matter

In present variations of the field theory of matter, this theory is con-

sidered as a combination of quantum fields oo the one hand, and particles on

the other, in which the energy of the entire system is connected partly with

the field and partly with the particles, and finally with the interaction of
field with particles. This dualistic treatment leads to retention of all those ;
theoretical difficulties vhich are peculiar to the purely corpuscular theory, |
.thus leading particularly to diverging or indefinite expressions for the energy,

-
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wass, etc. 1 propuse that these difficulties are routed in the pure lycorpuscu-
lar appearance ascribed to matter, which is counsidered merely as a set of par-
ticles, and that these difficulties can be eliminated only by a complete and
decisive rejection of the narrow corpuscular representations. The representa-
tion of particles as quenta of a field does not require an independent self-
contained besis. The representation of a quantized field must be its own

basis.

The field itself is comsidered in two forms of its phenomenon, vheveas
the concept of particles in the classical sense of the word is not considered
at all. This means that all dynamic properties of matter earlier evtributed
to garticlas and up to now assoclated with perticles, for example, WABS, EnErgy,
momentum, etc., pass over wholly - end completely to the field. Under these coun-
ditions the very name of the physical science of matter and motion must be
changed so thet the word wechanics would be completely eliminated and the pres-
ently used name quentum mechanics replaced by the name gquantum-field theory .

1 prepuse that the outlines of this theory beve been correctly drawn by
me and that knowledge of the true neture of matier iies on this nouvmechunical

path.

It is only in this way that we shall solve the above-stated problem cun-
cerning the overcouing of indeterminism. The quantum-field theory is strictly
deterministic. The apparent indeterminism appears in the quaptum theory only
vhen we attempt to reconcile the field and corpuscular description of phenomena.
Tn the qusntum-field theory, such comparisons turn out to be possible only on &
purely statistical basis, that is, on the basis of the theory of probuabiliiy.
This circumstance does nut concern in any way the determinisn of physical pheno-
mend considered from the quantum field point of view.

Revision of Corpuscular Theory in Light of Quantum-Field Theory

Tn concluding, I wish to refer briefly 1o two articles which 1 have pub-
1ished earlies and which are devoted to clarifying certain peculiarities of :
the corpuscular treatment of matter in conrectior with the theory of relativity g
but without consideration for the field theory: "Relativistic Quantum Mechanics
of Complex Particles," Zhurnal Eksperimentsl'noy i Teoreticheskoy Fiziki, 1947
and "Theory of Motion of Particles in Relativistic Quantum Mechanics,” Doklady
Akademii Nauk SSSR, 1949, From the purely corpuscular, obviously incorrect,
point of view, it is essential that one tnoroughly review and study the devia-
tions of the quantum theory from the classical vepresentations concerning the
motion of invariable materialistic particles.

»

Because elementary particles can disappear and again appear, il is essential
to consider the processes in which these particles are apparently conserved as
regenerative, in the sense that the motion of & particle in space can be described
as a disappearance of the particle in the original place gnd an appearance in
another place more or less close to the original location. Buch an interpreta-
tion results directly from the motion of the electron in Dirac's relativistic

theory.

g As Schroedinger showed, in cuasiderations of the speed of an electron moving
relative to inertia, one detects, along with a Sonstant component velocity, .a

component velocity with frequency equal to 2my /h which velocity is connected
by Schroedinger with the passage of ths electron from the state of positive energy

to the state of negative energy.
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1f the nonexistent states of negative energy are replaced by positrons, then

this result can be interpreted es the appearance, in the neighborhood of the elec-
tron under consideration, of an electron-positron pair, in vhich case the positron
is annihiieted along with the original electron, which turns out to be replaced
by & nev electron in & nev position. In the case of particles with a finite rest
mass, such generation of a particle must be observed in an infinitely close posi-
tion in agreement with the classical : presentatlion concerning the continuity of
motion; in the case of photons which possess no rest mass, the concept of tra jec-

tory of a particle loges any significance.

(Editor's Note: Study of the field as one of the forms of matter has become
one of the most urgent problems of contemporary phygics. Many scientific inves-
tigetions have been devoted to the development of the field theory. At preseut,
Soviet scientists are working on the field theory. Besides this article by Ya. I.
Frenkel', the =ditors of this publication are alao printing another article devoted
to the Tield theory, nemely, D. I. Blokhintsev's/Elementary Particles in & Field,"
appearing in this same issue of Uspekhi Fizicheskikh Neuk. In these articles the
authors approach from different directions the same viewpoint concerning the uni-
fied-field theory of metter. Obviously this is still not a real theory but only
an attempt to establish the necessity for this theory. " Furthermore, not all ~*
the even fundamental facts are considered in the light of the new ideas and ncc

all the enggestions can be considered indisputable. The editors of thiz journal

are willing to publish further general discussiona of this problenm or individual

ideas expressed by the authors of these two articles.
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